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SECTION 1 -  SUMMARY 

PURPOSE 

The purpose of this report is to document the hydrologic and hydraulic analyses performed in support of 
the Redlands East Industrial Project located in the city of Perris, County of Riverside, California. The 
project is bounded by Redlands Ave to its west, existing structures to its south, vacant land to its east and 
northeast, and existing structures to its northwest. The project proposes to build an industrial 
development on approximately 12.6 acres of currently vacant land.  This report will summarize the 
hydrologic and hydraulic analyses that were conducted in order to determine the necessary drainage 
improvements required to provide flood protection for the proposed building and safely convey the 
runoff through the site. 

The scope of this report will include the following: 

• Determine the peak 100-year and 10-year flow rates for the developed condition using the 
Riverside County Flood Control and Water Conservation District (RCFC&WCD) Rational 
Method. 

• Determine the required storm drain facilities, alignment, and sizes required to flood protect the 
project site. 

• Determine the necessary storage area and volume required for water quality treatment and to 
mitigate for increases in runoff. 

• Preparation of a preliminary report summarizing the hydrology and hydraulic results. 

DESCRIPTION OF WATERSHED 

As previously described, the project is proposing an industrial development on approximately 12.6 acres 
of vacant land. Existing elevations across the site vary from 1446 to 1441 (NAVD88 datum). The existing 
site is generally very flat and slopes gently from west to east.  The majority of the site, including a portion 
of Redlands Ave, sheet flows towards the eastern boundary of the site.  

Without any existing drainage facilities, flows generated onsite exit the site via the eastern boundary. 
From there, flows are conveyed further east until they eventually reach the Perris Valley Storm Drain 
(PVSD) Channel (located approximately 2000 feet east of the project site).  

The project is located within the Perris Valley Commercial Center Specific Plan and is also within the 
Perris Valley Master Drainage Plan watershed area. Based on a technical memorandum titled “Perris 
Valley MDP: Line A-B and Line A-C Tributary Watershed Modification” dated February 12, 2020 (a copy 
can be found in Appendix D), tributary areas within the watershed area have been reallocated. The 
existing MDP Line A-B (an RCB varying in size from 7’x5’ to 8’x6’) runs along E. Rider Street located 
north of the project site. MDP Line A-B conveys flows east towards the PVSD Channel. 

Lateral A-B-10 is an existing stub-out located at the intersection of Redlands Ave and E. Rider St. Based 
on existing as-built plans for MDP Line A-B (Appendix D), this stub-out was originally designed to 
convey only 15.4 cfs of runoff towards MDP Line A-B. However, based on the revised tributary areas per 
the technical memorandum, MDP Line A-B can now receive up to 48.0 cfs of developed flows from Lat A-
B-10. 

PROPOSED CONDITIONS 

In the proposed condition, onsite runoff will be collected via a network of catch basins and storm drain 
inlets provided at localized low points throughout the site. The Redlands East project consists of a 
proposed industrial building along with all associated utilities, drive aisles, parking stalls, walkways, and 
landscaped areas. Unlike the existing condition, onsite runoff will be collected and directed north along 
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Redlands Ave via the proposed extension of Lat A-B-10. All captured flows onsite and on Redlands Ave 
will be treated for water quality requirements via proposed MWS treatment devices. 

Based on the technical memorandum, Line A-B is able to convey 48.0 cfs of runoff towards MDP Line A-B 
from a tributary area of 24.1 acres. Approximately 7.8 acres of this 24.1 acres of tributary area (about 32%) 
comes from an area located northwest of the Redlands East project (directly north of the Redlands West 
project). The remaining 16.3 acres (about 68%) comes from a portion of the Redlands West Industrial 
project (separate project) located across the Redlands East project on the west side of Redlands Ave. In 
the ultimate condition, the Redlands East and Redlands West industrial projects will both convey flows 
towards MDP Line A-B via Lat A-B-10.  

The 7.8-acre offsite area (32% of the total 24.1 acres) tributary to Lat A-B-10 corresponds to approximately 
15.5 cfs of flow (32% of the total 48 cfs that can be conveyed towards the lateral). This means MDP Line 
A-B has a remaining capacity of about 32.5 cfs for the combined flows of the Redlands East and Redlands 
West projects as both projects will convey their developed flows towards MDP Line A-B via the extension 
of Lat A-B-10.  

The combined area of the Redlands East and Redlands West projects total approximately 32.7 acres. As 
this combined area is larger than the remaining 16.3 acres that Lat A-B-10 was revised to accept flows 
from, all onsite flows must be directed towards proposed underground storage chambers in order to be 
mitigated down to an acceptable flow rate that MDP Line A-B can receive. The Redlands East and 
Redlands West projects will each have separate underground storage chamber systems and separate 
preliminary pumps to mitigate flows for each project. The combined mitigated flow rate that Lat A-B-10 
can accept from the Redlands East and Redlands West projects and ultimately convey to MDP Line A-B is 
32.5 cfs.  

The Redlands East project provides approximately 12.6 acres tributary to MDP Line A-B. This accounts 
for approximately 12.5 cfs of the remaining capacity for Lat A-B-10 to convey north. The Redlands West 
project provides approximately 20.1 acres tributary to MDP Line A-B. This accounts for approximately 
20.0 cfs of the remaining capacity for Lat A-B-10 to convey north. 

Due grading constraints, a preliminary pump with the capacity of 5.0 cfs has been proposed for the 
Redlands East industrial project. The proposed underground chambers have been preliminarily sized to 
detain large storm events and allow for a preliminarily sized pump to limit the flow rate discharging off 
the site. As previously described, the Redlands East project has been allotted up to 12.5 cfs of flows to 
discharge into the proposed Lat A-B-10 extension. A pump of capacity of 5.0 cfs has been analyzed in the 
routing calculations within this report, however a pump with the capacity of up to 12.5 cfs can be used to 
discharge the onsite flows (which would result in significantly smaller underground chamber sizing) in 
final engineering. 

METHODOLOGY 

HYDROLOGY 
Hydrologic calculations were performed in accordance with the RCFC&WCD Hydrology Manual, dated 
April 1978.  The Rational Method was utilized in determining peak flow rates. 

The hydrological parameters, including rainfall values and soil types were derived from the RCFC&WCD 
Hydrology Manual.  The isohyetal maps and soil map have been included in Section 2. 

Rational Method calculations were performed using a computer program developed by CivilDesign 
Corporation and Joseph E. Bonadiman and Associates Inc.  The computer program is commonly referred 
to as CivilD which incorporates the hydrological parameters outlined in the RCFC&WCD Hydrology 
Manual. 

The Rational Method was used to determine the peak flow rates to size and design the drainage facilities 
need to convey onsite flows through the site to the proposed basin.  The flow rates were computed by 
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generating a hydrologic “link-node” model in which the overall area is divided into separate drainage 
sub-areas, each tributary to a concentration point (node) determined by the proposed layout and grading. 

The Unit Hydrograph Method was used to determine the peak flow rates and volumes associated with 
the 100-year storm events for the site.  Calculations were performed for the developed condition to be 
used in the analysis of the proposed underground chambers.  See Section 4 for additional information 
and results regarding the hydrologic analyses performed for this project. 

HYDRAULICS 
Water quality calculations were performed using spreadsheets that were created by RCFC&WCD.  Final 
calculations and additional details can be found in the Preliminary-WQMP. 

Routing calculations were performed using the CivilD computer program.  The CivilD program utilizes 
the Modified-Puls methodology to routes unit hydrographs through a basin using the stage-storage and 
stage-discharge curves determined from the proposed underground chamber design.  See Section 4 for 
additional discussion and results. 
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SECTION 2 -  HYDROLOGY ANALYSIS  

HYDROLOGY PARAMETERS 

The RCFC&WCD Hydrology Manual was used to determine several of the hydrological parameters.  The 
following rainfall depths were utilized in the hydrology analyses, which were obtained from the 
isohyetal maps provided in the RCFC&WCD Hydrology Manual: 

 Table 1 – Precipitation Values 

 

Duration Duration 

Storm Event 

1-Hour 

(inches) 

24-Hour 

(inches) 

2-Year 0.45 1.7 

100-Year 1.2 4.25 

 
The value for slope of intensity was determined to be 0.5.  The isohyetal maps have been included in 
Appendix A. 

Based on the Plate C-1.30, Perris in the RCFC&WCD Hydrology Manual, the project site is classified as 
soil types B and C. The soils map is included in Appendix A. 

The cover type was determined based on the existing land cover and proposed land use of the site.  
Hydrological computations for the developed condition were done using ‘Urban Residential or 
Commercial Landscaping’.  The table below summarizes the runoff index values and the recommended 
values for percentage of impervious cover for each category: 

Table 2 – Cover Type  

Cover 

Type 

Soil 

Group 

A 

Soil 

Group 

B 

Soil 

Group 

C 

Soil 

Group 

D 

Percentage 

of 

Impervious 

Cover 

Developed – Urban Residential 

or Commercial Landscaping  
N/A 56 69 N/A 79.3 

 

ON-SITE RATIONAL METHOD HYDROLOGY 

The rational method was used to determine peak flow rates in order to adequately size the proposed 
subsurface storm drains and associated inlets used to convey on-site flows to the proposed basins. 
Calculations were performed for approximately 12.6 acres of the developed area. This area includes the 
onsite development as well as improvements to Redlands Ave that are contained within the project 
boundaries. The rational method calculations for the Redlands East project were broken up into two main 
areas. The “200 Series” consists of approximately 11.2 acres of area consisting mainly of the onsite 
improvements that are proposed. The “500 Series” consists of approximately 1.4 acres of area tributary to 
the proposed inlet located on Redlands Ave.   

Areas within the rational method calculations were further broken up based on the location of localized 
low points throughout the site. Most subareas will consist of a combination of the proposed building, 



Lake Creek Industrial LLC Section 2 

Prelim Drainage Study Redlands East Industrial 

 

Section 2 2-2 

parking stalls, drive aisles, concrete walkways, and/or landscaped areas. All onsite areas within the 
calculations are considered as commercial subarea types.  

A preliminary pump has been proposed to convey a constant flow rate of 5.0 cfs towards the proposed 
Lat A-B-10 extension. The proposed underground chambers have been sized to mitigate larger storm 
events and allow for the proposed pump to limit the peak flow rate exiting the site.  

The following table summarizes the rational method results at key points: 

Table 3 – Rational Method Results   

Point of Interest 

10-Year 

Peak Flow Rate 

(cfs) 

100-Year 

Peak Flow Rate 

(cfs) 

Node 299 – Total flow entering UG Chambers 15.9 23.1 

Node 455* – Mitigated flow exiting UG Chambers - 5.0 

*A pump is proposed to convey a constant flow rate of 5.0 cfs towards Lat A-B-10. 

 

The rational method output files and hydrology map have been included in Appendix A. Approximately 
23.1 cfs of runoff enters the underground storage chambers for the 100-year, 1-hour storm event. The unit 
hydrograph analysis and routing analysis accounts for the full 12.6 acres of gross area within the 
Redlands East project boundary. This provides a conservative estimate of the proposed peak flow rates as 
the runoff collected within Redlands Ave will not actually enter the proposed underground chambers. 
The 400 Series and 500 Series account for the unmitigated flow rates collected along Redlands Ave.  

OFF-SITE RATIONAL METHOD HYDROLOGY 

The “400 Series” provides calculations for the proposed storm drain conveying flows underneath 
Redlands Ave towards MDP Line A-B. These calculations combine the results of the rational method 
calculations regarding both the Redlands East and the Redlands West projects. The flow rates entering 
the storm drain from the Redlands East and Redlands West projects are entered as user-defined flow 
rates within the 400 Series. This allows the mitigated flow rates (see Section 4) for each project to be 
entered into Lat A-B-10 and compared to the 32.5 cfs allowable capacity. 

See Appendix A for the output files of the off-site rational method analysis. 
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SECTION 3 -  HYDRAULIC ANALYSIS 

 Hydraulic calculations will be performed in the Final Drainage Study. 
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SECTION 4 -  BASIN ANALYSIS 

ON-SITE UNIT HYDROGRAPH METHOD HYDROLOGY 

The unit hydrograph method was used to determine the peak flow rates and volumes in order to 
adequately size the proposed underground storage chambers to address increased runoff mitigation. Unit 
hydrographs were performed for the developed condition. As previously stated, the revised capacity of 
Lat A-B-10 is 48.0 cfs. The combined flow rate from the development of the Redlands East and Redlands 
West projects totals 32.5 cfs. The Redlands East project is provided about 12.5 cfs of flow to discharge into 
Lat A-B-10.  

The unit hydrograph analysis and routing analysis accounts for the full 12.6 acres of gross area within the 
Redlands East project boundary. This provides a conservative estimate of the proposed peak flow rates as 
the runoff collected within Redlands Ave will not actually enter the proposed underground chambers. 
The following table summarizes the results of the unit hydrograph analysis for both the Redlands East 
and Redlands West projects: 

Table 4 – Unit Hydrograph Results 

DEVELOPED CONDITION 

 EAST WEST COMBINED 

RETURN 
PERIOD 

(yr) 

EVENT 
(hrs) 

VOL 
(ac-
ft) 

PEAK 
(cfs) 

EVENT 
(hrs) 

VOL 
(ac-
ft) 

PEAK 
(cfs) 

VOL 
(ac-
ft) 

PEAK 
(cfs) 

100 

1 1.1 36.37 1 1.8 50.07 2.9 86.44 

3 1.6 20.47 3 2.6 31.52 4.2 51.99 

6 2.1 17.76 6 3.3 27.41 5.4 45.17 

24 3.3 5.81 24 5.3 9.47 8.6 15.28 

 

The unit hydrograph output files and hydrology map have been included in Appendix C. Table 4 above 
provides results for the Redlands East project (highlighted in yellow) and the Redlands West project 
(separate drainage study).  

BASIN ROUTING ANALYSIS 

Based on the unit hydrograph results shown in Table 4 above, the peak flow rates for the 100-year, 1/3/6-
hour storm events are all greater than the allowable 12.5 cfs designated for the Redlands East project. In 
this preliminary drainage study, a routing analysis was completed for the 100-year, 1/3/6/24-hour storm 
events to demonstrate that the underground storage chambers contain substantial volume needed to 
mitigate flows down to the allowable peak flow rates. 

The stage-storage-discharge table provides input data at select elevations in the underground chambers 
which will determine the storage and discharge at each point based on the mitigation configuration of the 
outlet structure. The following table presents the result of routing analysis for the 1-, 3-, 6-, and 24-hour, 
100-year storm events to demonstrate that the chambers provide the necessary storage volume needed to 
restrict the outflow to acceptable flow rates. In order to show that the proposed chambers provide 
adequate storage, Table 5 shows results for the routing analysis of the Redlands East (highlighted in 
yellow) project and Redlands West project (separate drainage study).  
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Table 5 – Basin Routing Results 

  
Developed 

Condition 
Basin Routing Results 

Storm Event  
Volume  

(Ac-ft) 

Peak 

Flow  

(cfs) 

Peak 

Flow 

(cfs) 

Max Basin 

Depth 

(feet) 

Water 

Surface 

Elevation 

(cfs) 

EAST 100-Year, 1-Hour 1.1 36.4 5.0 3.98 1434.98 

WEST 100-Year, 1-Hour 1.8 50.1 5.0 5.38 1437.88 

COMBINED 100-Year, 1-Hour 2.9 86.5 10.0 - - 

EAST 100-Year, 3-Hour 1.6 20.5 5.0 3.59 1434.59 

WEST 100-Year, 3-Hour 2.6 31.5 11.0 6.12 1438.62 

COMBINED 100-Year, 3-Hour 4.2 52.0 16.0 - - 

EAST 100-Year, 6-Hour 2.1 17.8 5.0 3.05 1434.05 

WEST 100-Year, 6-Hour 3.3 27.4 8.6 5.93 1438.43 

COMBINED 100-Year, 6-Hour 5.4 45.2 13.6 - - 

EAST 100-Year, 24-Hour 3.3 5.8 5.0 0.55 1431.55 

WEST 100-Year, 24-Hour 5.3 9.5 5.0 2.30 1434.80 

COMBINED 100-Year, 24-Hour 8.6 15.3 10.0 - - 

Redlands East elevation for bottom of storage chamber is 1431.0 (bottom of stone is 1430.25). 
Redlands East maximum allotted flow rate to discharge towards Lat A-B-10 is Q=12.5 cfs. 

 

A preliminary pump with the capacity of 5.0 cfs has been proposed for the Redlands East industrial 
project. The proposed underground chambers have been preliminarily sized to detain large storm events 
and allow for a preliminarily sized pump to limit the flow rate discharging off the site. As described in 
previous sections of the report, the Redlands East project has been allotted up to 12.5 cfs of flows to 
discharge into the proposed Lat A-B-10 extension. A pump of capacity of 5.0 cfs has been analyzed in the 
routing calculations within this report, however a pump with the capacity of up to 12.5 cfs can be used to 
discharge the onsite flows (which would result in significantly smaller underground chamber sizing).  

The basin routing calculations and other hydraulic calculations have been provided in Appendix C. 
Based on the routing results in Table 5, the peak flow rate for all 100-year storm events is 5.0 cfs.  The total 
combined flow rate entering Lat A-B-10 from the Redlands East and Redlands West projects totals 16.0 cfs 
(occurring in the 100-year, 3-hour storm event) which is below the allotted 32.5 cfs. 
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SECTION 5 -  CONCLUSION 

Based on the analyses and results of this report, the following conclusions were derived from the 
hydrology and hydraulic results: 

• The proposed drainage improvements will adequately convey flows to the underground storage 
chambers and provide flood protection for the 100-year storm event. 

• The proposed underground chambers will provide adequate water quality treatment. 

• The proposed project will not impact flooding condition to upstream or downstream properties. 
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HYDROLOGIC SOILS GROUP MAP (PLATE C-1.30) 
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PRECIPITATION VALUES 
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10-YEAR ONSITE HYDROLOGY (RATIONAL METHOD) 
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100-YEAR ONSITE HYDROLOGY (RATIONAL METHOD) 
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RATIONAL METHOD HYDROLOGY MAPS 
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APPENDIX B – HYDRAULIC ANALYSIS 
Hydraulic calculations to be provided in Final Engineering.
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APPENDIX C – UNIT HYDROGRAPH / ROUTING ANALYSIS 
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PROPOSED CONDITION 100-YEAR, 1/3/6/24-HOUR UNIT HYDROGRAPHS 
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STAGE-STORAGE/OUTFLOW TABLE 
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100-YEAR, 1-HOUR ROUTING ANALYSIS 
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100-YEAR, 3-HOUR ROUTING ANALYSIS 
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100-YEAR, 24-HOUR ROUTING ANALYSIS 
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UNIT HYDROGRAPH HYDROLOGY MAPS 
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